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SUMMARY

Ignition studies of flowing gases were mede to obtain
information applicable to ignition problems in gas-turbine and
ram-Jet aircraft propulsion systems operating at sltitude con-
dltions. BSpark energies required for ignition of a flowing
propane - alr mixbure were debtermined for pressures of 2 to
4 inches mercury absolute, gas velocitles of 5.0 to 54.2 feet per
soecond, fuel-air ratios of 0.0607 to 0.1245, and spark duratlons
of 1.5 Yo 24,400 microseconds.

The results showed that at a pressure of 3 inches mercury
ebsolute the minimm ensrgy required for ignition occurred at
fuel-alr ratlos of 0.08 to 0.095. The energy required for ignition
increased almost linearly wilth ircreasing ges velocity. Shortening
the spark duration from approximately 25,000 to 125 mloroseconds
decreased the amount of emergy required for ignition. A spark
produced by the discharge of a condenser directly into the spark
g2p and having a duratlion of 1.5 microseconds required ignitiom
energles lerger than most of the long-duration gparks.

INTRCDUCTION

A cuwrrent combustion problem i1s reignition in ges-turblne and

ram-Jet alrcraft propulsion systems. If the flame in the com-
bustor becomes unstable and blows out, reignition, particulariy at

eltitude condltions, 1s difficult or Iimpossible with some of the
ignition methods now used. Inasmuch as an electric spark discharge
is used as the ignition source 1ln many such engines, a study of the
effect of gas-stream paremeters on 1gnition was included as part of
& program on fundemental studies of combustion being conducted at
the NACA Lewis laboratory.
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Ignition of flowing geses by electric sparks has not yet beem
investigated, although results of ignition of stationary or quiescent
gases have been reported by numerous investigators. Some of the
latest resultes on ignition of gulescent gas mixbures are reported in
reference 1. As indicated In reference 2, larger energies are
required in gulescent gas to ignite a turbulent mixbure than a non-
turbulent one; however, no measurement of the gas flow was mede.

As the first part of the NACA research progrem, an investl-
gation of spark gaps subjected to low-pressure and moving-alr con-
ditions is reported in reference 3, In which the effect of gas~-
stream parameters on the energy and the power dissipated in the
spark with a constant ignition system 1s described. Varioys
other results such as the distance that the spark moved downstresam,
the duration of the spark, the existence of more than one spark at
high velocities, and the effect of gap spacing and electrode
dlameter were determined. An oscillographic method of measuring
energy, power, and duration of the spark was used.

The second part of the program is an invegtigation of electric
spark ign.'l'tion of a flowilng cormbustible mixture of propene and alr
end the initlal results are reported herein. Minimm energles
required to ignite the flowing mixture were determined for various
conditions of gas pressure, gas velocity, fuel-air ratio, and
duration of the spark. The basic 1lgnition and measurlng systems
described in reference 3 were used, but the resletor values and
condenger voltages were changed to obtalin varisble amounts of energy
end duratlians of the sparks. Oscillograme of the spark discharge
were obtalned and were analyzed as described in reference 3.

APPARATUS AND PROCEDURE
Cambugtion Apparatus

The combustion apperatus, shown in figure 1, was constructed
fran an gltitude chamber that was altered for this investlgation.
A mredetermined smownt of propane and slr at room temperature was
introduced into the chamber at the desired pressure, thoroughly
mlxed by fans, and clrculated by a blower through the test section
and back into the altitude chamber. The gas velocliy was varled by
changing the blower speed.

The test section had a 3-inch-inglde dlameter with a screen
and a flame arresber at opposite ends to prevent the flame from
passing into the chamber and ceausing an explosion. The wolume of
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the test sectlion was small compared with the total volume of the
apparatus so that a number of ignition rums could be mede without
notliceably changing the mixbture strength. The electrodes were
3/16-inch~-diameter cylindrical rods with blunt ends and were
located on the same center line perpendicular to the direction of
flow. Geap spacing was 0.250 inch. Quartz windows were located

&t the electrode position and at a point 10 Inches dowmstreamn.
Appearance of flame at the downstream window was used as the
crliterion for ignition.

The veloclity of the mixture was determined by a pitot-static
tube nsed In conjunction with a mlcromanometer to measure the veloc-
ity pressure. Inaamch as the tube was located on the center line
of the test section, the results presented are In terms of the peak
veloclty of the mixbture. The degree of turbulence of the flowlng
mixbture was not determined.

Ignition and Measuring Syebems for Long-Duration Sparks

The ignition and measuring systems shown In figure 2 are
described in reference 3. The capaclibance of the condenser was
held constant at 0.52 microfarad. The size of the resistors and
the voltage of the condenger were changed for the various runs to
the values listed in teble I. Swltch Sz was closed throughout
thls Investigation.

When the deslred comditlons were obtalned in the combustion
chember, the condengexr was charged,- S, was opened, and then the

condenser was discharged by means of S,. A number of trials were made

with different comdenser woltages vmbtil the ignition point was
located. If the ignition point could not be found by varying the
voltage, the value of resistor R, was adjusted to bring the point

within range. The values of Rz, Ry, and Ry were adjusted vhen

necesggary to glve the desired deflections of the oscillograph beam.
The value of R’L weg changed when a dlfferemt sperk duratlion was

deslred. As soon as the lgnlition voltage was determined as the
average of a number of trlals, the trace an the oscilllograph tube
wa.s photographed and the photogreph was enalyzed for the duration
and energy of the spark.

In some instences, espeéia.l]y at low condenser voltaeges, time
lag of the spark gap was encountersd; that 1s, time elapsed bebtween
the instent of application of the voltage across the spark gap and
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the occurrehce of the spark. In such cases, an ultraviolet light
at the electrode window lrradiated the electrodes in order to .
reduce the lag to a negliglible value. 3

ITenltion Apparatus for Short-Duration Sparks

With the ignition and measuring systems just described, it was
imposgible to obtain date at spark duratlions as smell as were
desired. A somevwhat different ignition apparatus was used to obtain
results wilth short-duration sparks. A condenser was placed directly
across the sperk gap, charged to the breakdown voltege of the gap,
and dlscharged Into the gap. The ignition point was found by
verying the capaclitance of the condenser. The energy was calculated
as

E = 1/2 cve
where
E energy, Jowles
c Ica.paci‘bance s Farads
v voltage, volts

The spark duration with this arrangement was estimated to be
botween 1 and 2 microseconds by observing the current wave of the
discharge with an oscillograyh. The voltage produced across a
l-chm reslistor In serles with the spark gap was amplified and
placed on the deflection plates. Timing marks were superimposed
oan the trace. Becauge the trace was faint and therefore could
not be photographed, the number of timing spots wes visuwally
estimated. The resistor d1d not affect the ignition emergy
required.,

RESULT'S AND DISCUSSIN

Results could only be obtained over a comparatively narrow
range of pressure and gas velocity due to equipment limitations.
The maximun pressure was limited to 4 inches mercury absolute
because of the danger of flame passing through the flame arrester
and screen and causing en explosion in the altitude chamber, which
was not deslgned to withstand explosions. The maximm veloclty
that could be attalned with the 3-inch test mection was 54.2 feet
per second. :
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In check runs at Pixed values of the gas~stream parameters,
the energles for ignition varled as much as S5 percent from the
mean value. The nltraviolet light failed to make the resulis
more conslsbent or to have any effect on the ignition emergy at
conditions where time lag was not encountered. The variation in
ignitlon energy was attributed to the fact that the spark occurred
at different positioms on the electrode surface in the varlous
TUNS.

Energy values glven in table I are the minimum energies that
caused ignition with the specific electrodes used and may not be
equal to the minimume that could be obtained wlth electrodes of
different geometbry.

The effect of fuel-zlr ratlio and gas velocity on the emergy
required for lgnition are ehowm in figure 3 for a pressure of
3 inches mercury absolute and a spark duration of approximately
600 to 800 microseconds. The minimm energy necessary to ignite
the mixture occurred at fuel-air ratlos of 0.08 to 0.095, which
are richer than stoichliometric. Toward both the rich-limit and
lean-1imit ends of the curves, the requlred energy began to
increase rapidly. Just beyond the ends of the curves shown, the
energles rogse to large values, although definite walues could
not be determined because ignition became very erratlc. .

The effect of gas velocity on the energy required to ignite
the mixture at various pressures was determined for a fuel-air
ratio of 0.0835 and spark duration of approximetely 600 to 800 micro-
secondg. The results in figure 4 show that the energy required
Increased almost linearly with gas velocity end decreased with
Increasing pressure. At a pressure of 4 inches mercury absolute,
elmogt three times 28 mich energy was required for ignltion at a
veloclty of 54.2 feet per second as was reguired at 5.0 feel per
second.

The effect of changing the spark duretion on the energy
required to ignite the mixbure at a fuel-air ratio of 0.0835 is
showm In figure 5 for pressures of 3 and 4 inches mercury
absolute each at velocities of 5.0 and 54.2 feet per sedomd. As
the spark duratlon was shortemed from sbout 25,000 microsecomds,
the required energy decreased. At aboubt 200 microseconds, the
trace on the oscillograph tube became faint and snalysls of the
osclllograme was Aifficult. The points at 1.5 microseconds were
determined by the wmethod used for short-Guration sparks in order
to show the difference 1n amounts of energy that would be required
for the two systems. The curves wore not conbinued to these points
because the current-wave shapes are (ifferent for sach system.



€ NACA RM E9E17

The current-wave shepe of the long-duration sperks was sub-

stentlally en exponential decay, whereas the current-wave shape vﬁg
of the l.5-microsecond-dwration sparks was oscillatory. The .
energy required for the short-duration sperks was considerably

higher than most of the long-duration sparks.

SUMMARY OF RESULTS

The following results were obteined in the Investigation to
determine the minimm energy requirements to ignite a flowing com-
bustible mixture of propane and alr in the pressure range of 2 to
4 inches mercury absolute:

1. At a pressure of 3 inches mercury absoclute, the minimm
ignition energy occurred at fuel-alr ratlos of 0.08 to 0.095 with
ges velocltles between 5.0 and 54.2 feet per second. The required
energy increased with richer and leanser fuel-alr ratios.

2. The energy required for ignition increased almost linearly
with increasing gas veloclty in the range of 5.0 to 54.2 feet per
second. The required energy increased three-fold over this veloclty
renge at a pressure of 4 inches mercury absolute. .

5. As the spark duration was shortemned from about 25,000 %o
125 microseconds, the energy required for ignition decreased. ¢

4. The energy required for ignition with a spark having a
duration of 1.5 microseconds, as produced by the discharge of a
condenser directly into the spark gap, was conslderably larger
then most of the long-duration sparks.

Lewls Flight Propulsion leborstory,
Kational Advisory Committee for Aeronsutics,
Cleveland, Chio.
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TABLE I - IGNITION DATA ARD VALUES OF CIRCUIT COMPONENTS FOR LONG-DURATION 3PARKS

Prassure| Spark |Veloclty | Energy | Condemser Reslator values
(in. Bg |duration|(ft/sea) |(Joulea)] woltage
abs,) |Mmloroses) (Klovolts) F1 kg B3 Re Rg

(obms}| (chms} | {olms)| (ohms)| (ohms)
Fuel-alr ratlo, 0,0607

3 900 5.0 0.0554 19,25 517.1] 10,130 | 248,56 ]450,000] 68,600
Fuel-air ratio, 0.0868

3 800 54,2 0.,068% 20.1 B17.1] 10,130 | £48,5]450,000] 68,600
Fuel-alr ratio, 0.0883

3 850 5.0 | 0,048 11.6 517.1] 10,130 | 248.5|450,000| 68,600

a30 26,2 0688 12.05 517,.,1| 10,130 248,56 |450,0001 68,600
Fuel-alr ratlo, 0.0759

3 800 | 54.2 |o0.0892 | 13.7 517.1| 10,130 | 248.5[450,000]{ es,600
Fuel-alr ratio, 0.0835

g 866 5,0 0.0563 11.0 §19.5 5485 48,.86| 19,670) 15,870

835 15,0 0507 13,0 619,.3] 3486 48.85] 18,670[ 15,670

73¢ | 26,2 0603 13,6 619,3| 2485 | 48,85| 1e,670| 15,670

732 40,0 0742 14,0 61l9,.,3| 3485 48.856| 19,670| 15,870

746 54,2 0841 16,4 619,3| 3485 48,85| 19,670| 15,670

3 133 5.0 0.0176 11.2 102,5] 1996 52,44| 19,660] 15,660

167 54,2 » 0546 14.0 102,5] 1022 24,591 19,660 15,660

- <40 0,0 0,0145 ) 106 olde . » 720 15,680

2717 54.2 « 0411 16,0 188 2041 41,74] 19,730] 15,680

800 L) 0,0514 T.0 o17.1]1 10,150 | 248,0 |[450,C00| 68,800

750 15.0 0349 742 617,11 10,130 | 248,.5[450,000| 68,600

750 25.2 <0435 8.85 B517.1] 10,130 | 248.5)450,000| 68,800

800 40,0 057 1l1.0 517.1| 10,130 | 248,5[460,000| 68,600

700Q 54.2 «057 15,9 517.1] 10,130 | 248,5|450,000| 68,600

ZEE0 | 5.0 ] 0.0444 1 [ BB3B[103,I00 | 784 450, 000| 58,500

5000 54,8 1229 16,95 §352|103,100 17684 58,300

3,400 | 5.0 | Oe13l 7.8 | ©6,830|279,000 | 7496 |1.8x10° |185, 000

24,000 | 54.2 554 16.6 £6,940]120,000 | 5044]1.8x10% |183, 000

v
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Fuel-air ratio, 0.0835

125 Be0 0.00708 6.9 LoR.7 6020 | 183.7| 19,680| 15,660

150 b4,2 .0212 1745 108,7 34886 63.1] 19,660| 15,680

200 5,0 0,009 » 166.2 6024 | 183.8] 19,680 15,640

233 54.2 « 0288 1l.4 1686.2 3083 | 1065.9| 19,6090] 15,640

600 b,.0 10,0144 5480 ol8.8]| 24,800 [ BI5.5|450,000] 68,700

-5650 15.0 «01456 8.3 516.6] 24,900 | 516.5]/450,000| 68,700

600 £85.2 «0221 Ted 6l6.6| 24,900 | 515,5]450,000| 68,700

550 40,0 «0266 10.1 616.6| 24,900 | '615.5|450,00¢| 88,700

860 54.2 « 0417 16.85 6l6.6] 24,800 | b5l5.b|480,000| 68,700

3250 5.0 | 0,0225 5.9 6336 |202,900 | 7525|1.8x108 |185, 000

46350 54,2 «). 786 17,0 5556 {164, 900 29923 450,000| 58,320

21,700 5,0 0.,0878 B.l 27,000 660,000 | 14,400 1..8x108 185, 000

23,300 | 54. 517 16.2 26, 900 |260,000 | 4,198(1.8x108{185, 000
Puel~alr ratlo, 0.0811

800 26.2 0,0897 8.8 517.1] 10,130 | 248,5]|450,000| 68,800

800 54.2 06486 16,2 517.1| 10,130 | 248.5]450,000| 68,600

Fusl~-aly ratlo, 0.0987 .

BBQ B5.0 0,0378 8,73 517.1| 10,130 | 248.,5|450,000| 68,600

800 54.8 .0740 19.4 517.1| 10,130 | 248.5]460,000| 68,600
FPusl-air ratio, 0,1083

800 | 85.2 |0,0879 9.8 517.1| 10,130 | 248.5/450,000]| 68,600
Fuel=-alr ratio, 0.1140

860 5.0 0.04823 10,2 517.,1] 10,130 | 24B.5|450,000| 68,600
Puel-air ratio, 0,1184

B850 26.2 0.,0692 18,34 517.1| 10,130 | 248.5]|450,000| 68,600
Pusl=-elr ratlo, 0,1245

as50 5,0 0,06866 17.6 617.1| 10,1350 | 248,5]|450,000| 68,800

A
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